Background: Acute myeloid leukemia (AML) is a heterogeneous disorder characterized by clonal expansion of myeloid progenitors (blasts) in the bone marrow and peripheral blood, AML accounts for 80% of acute leukemia in adults, its incidence increase with age. AML can be a fatal disease so research to predict prognosis is important. Telomerase (TA) is an enzyme that stabilizes the telomere length and makes the cell immortal. It is present in some of the normal cells, fetal cells, adult germ cells, and presents in 85% of tumors in humans, it has been shown that TA can be used as a prognostic marker in some solid and hematological neoplasms. Telomere length is a factor that predicts telomere function.
Introduction
Acute myeloid leukemia (AML) is a cancerous disease of the bone marrow that hematopoietic precursors are trapped in the early stage of development. The AML subtypes are distinguished from other related blood disorders by the presence of more than 20% bone marrow blasts (Ghiaur, Wroblewski, & Loges, 2015) . The arrest of bone marrow cells in early stages of maturation is under research, but in many situations, it involves the activation or inactivation of genes into chromosomal translocations and other genetic and/or epigenetic abnormalities (Arber et al., 2016) . it elongates telomeres. Telomerase is active in normal stem cells and most cancer cells but is normally absent from, or at very low levels in, most somatic cells (Shay, 2016) .
Telomerase reverse transcriptase is a catalytic subunit of the enzyme telomerase, and its function is to lengthening the DNA strands of telomeres (Skvortsov. Zvereva, Shpanchenko, & Dontsova, 2011) .
Telomerase activity and hTERT appears as a key event in the development and progression of the many diseases, whereas in acute myeloid leukemia (AML), in chronic myeloid leukemia (CML) and in B-cell diseases, it was demonstrated that telomerase activity is not required for the initiation of disease, but it is required for its maintenance (Ropio, Merlio, Soares, & Chevret, 2016) .
Method
A prospective cross-sectional study conducted on forty adult patients with newly diagnosed de novo AML according to the laboratory and flow-cytometric criteria and follow up was performed for twenty-five patients after one month of induction therapy. The collection period is from November 2017 to October 2018. The patients were seen in the Hematology Unit of Baghdad Teaching Hospital in Medical City.
The ethical committee of the College of Medicine, University of Baghdad, approved this study. Informed consents were taken from all participants.
Inclusion Criteria 1). Patients enrolled in the study after their diagnosis as AML in the ward.
2). All AML patients were above 15 years old.
3). All AML patients were newly diagnosed, and they were not receiving any chemotherapy before the time of collecting blood and BM samples.
Exclusion Criteria: 1). Patients with a history of myelodysplastic syndrome or therapy-related secondary AML cases.
2). Patients who died during induction therapy.
3). Cases with dry tap due to bone marrow fibrosis.
Therapy and Follow-Up
Twenty-five patients after induction chemotherapy were followed up by bone marrow and peripheral blood examination to determine the patient's response to therapy. Patients were treated according to the standard chemotherapy protocol of AML. After induction chemotherapy, patients were followed up by CBC and bone marrow examination to determine the patient's response to therapy.
Patients were classified into:
I. Complete remission. 1). Less than 5% blasts in an aspirate sample with marrow spicules and with a count of at least 200 nucleated cells, there should be no blasts with Auer rods.
2). Peripheral neutrophil count of more than 1.5×10 9 /L.
3). Platelet count above 100×10 9 /L. 4). Absence of extramedullary disease II. Incomplete remission: the patient who did not achieve complete hematological remission.
Method
Repeated Amplification Protocol (TRAP) method was used to detect the hTERT telomerase activity (Mender, & Shay, 2015) . Utilizing the Telomeric Repeat Amplification Protocol was done by photometric enzyme immunoassay kit (Telo TAGGG Telomerase PCR ELISA), developed by Roche applied science. Three ml of fresh peripheral blood were collected from patients as well as the control group to do the test. By subtracting the mean of absorbance readings of the negative controls from those of samples. If the difference is higher than 0.2, this will consider positive for hTERT.
Statistical Analysis
Statistical analysis was performed with the IBM-SPSS 23 statistical software program. Associations between categorical variables were assessed via cross-tabulation and chi-square test. Mann-Whitney test (a non-parametric gjhs.ccsenet.org
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Results
The current study included forty patients with acute myeloid leukemia, and fifteen age and sex-matched healthy individuals (8 males and 7 females with a mean age of 41.47 ± 13.55 years) as a control group. The age of AML patients ranged between 15 and 84 years with a mean age of 40.13 (± 17.62) years. Fifteen (37.5%) patients were males, and twenty-five (62.5%) were females. The male to female ratio was 0.6. For risk stratification, AML patients included eight (20.0%) patients aged ≥60 years and thirty-two (80.0%) patients aged <60 years.
According to the French-American-British (FAB) classification system using morphological, cytochemical and immunophenotypic criteria, there were 11 (27.5%) patients diagnosed with AML-M3, 8 (20%) patients diagnosed with AML-M2, 7 (17.5%) patients diagnosed with AML-M4, 5 (12.5%) patients diagnosed with AML-M0 and same for M1, and 4 (10%) patients diagnosed with AML-M5. The hematological parameters of the forty AML patients are summarized in Table 1 . 
hTERT Level and Telomerase Activity
The hTERT level in the AML patients was ranged between 0.010 and 3.710 (anm), while in the control group it ranged between 0.000 and 0.11 (anm). The mean value of hTERT in AML and control groups were [1.59 ± 1.27 (anm) and 0.035 ± 0.046 (anm) respectively], and this difference was significantly higher in patients than in control group (p = 0.0001). In addition, the telomerase activity was positive in 27 (67.5%) AML patients, while 13 (32.5%) AML patients were negative for telomerase activity.
Twenty-five patients after induction chemotherapy were followed up by bone marrow and peripheral blood examination to determine the patient's response to therapy. Complete hematological remission was achieved in 12 (48.0%) patients and incomplete hematological remission in 13 (52.0%) patients (14%).
The hTERT level was significantly higher in patients before induction chemotherapy than after completion of the induction course (p = 0.0001), Table 2 . The hTERT level at diagnosis in patients who did not achieve complete hematological remission was significantly higher than that in patients who achieved complete hematological remission (p = 0.026). Also, at diagnosis, a significantly higher proportion of patients who had incomplete hematological remission (65.0%) were associated The hTERT level after induction therapy was significantly higher in patients who did not achieve complete hematological remission than in patients who achieved complete hematological remission (p = 0.003).
After completion of induction chemotherapy, a significantly higher proportion of patients who had incomplete hematological remission (87.5%) were associated with positive telomerase activity than the patients with complete response (12.5%) (p = 0.03). Receiver operating characteristic (ROC) curve was used to calculate a cut off value for the hTERT level at diagnosis (Figure 1 The hTERT level after induction therapy was significantly higher in patients who did not achieve complete hematological remission than in patients who achieved complete hematological remission (p = 0.003, Table 4 ). 
Discussion
Acute Myeloid Leukemia is the commonest acute leukemia in adult (Howlader et al., 2017) . It represents the third most common primary cancer in Iraq (Iraqi cancer registry, 2011). The response to treatment in AML and survival is heterogeneous and so researches done to evaluate prognostic factors like age, karyotype, and general condition.
In this study, we try to assess the role of telomerase activity in AML and its potentiality as a prognostic factor.
One of the important prognostic factors in AML is age (Bernasconi et al., 2012) . The mean age of our patients was 40.13 (±17.62) years. This finding was comparable with other Iraqi studies (Almohsen & Al-Mudallal, 2014) , while in developed countries the mean age tend to be higher than this study and the majority of the patients are above 55 years old (Howlader et al., 2017) , (Ayesh, Khassawneh, Matalkah, Alawneh, & Jaradat, 2012) . This difference may be related to the higher mean age of western population than the Iraqi population.
The hTERT level was significantly higher in patients than in control group. This finding goes with other previous studies that reported increased hTERT level in different solid tumors (Herbert, Wright, & Shay, 2001) , and hematological malignancies (Hartmann et al., 2005) , (AlJabban & Alalsaidissa, 2018) , (Wang et al., 2014) .
Since many malignant neoplasms showed increased hTERT activity, it may contribute to human carcinogenesis, as it results in increased telomerase activity (Jordanides et al., 2006 ).
In the current study, it was shown that hTERT level at diagnosis was significantly higher in patients who did not achieve complete hematological response than patients who achieved a complete hematological response. This finding suggests that hTERT level may act as a prognostic marker for the outcome of treatment. This phenomenon can be explained by a decrease in leukemic cells that synthesize hTERT and the emerging of the new healthy cell with low or absent telomerase activity (hTERT) in the bone marrow and the blood of patients who achieved complete remission (Jordanides et al., 2006) , (Engelhardt, Mackenzie, Drullinsky, & Silver, 2000) .
In our study, it showed that the hTERT associated with AML and contribute and predict the response of AML patients to treatment, Also the research was done in our department by AlJabban (AlJabban & Alalsaidissa, 2018) measuring the hTERT in CLL patients and its prediction of patients prognosis and their results were associated with patients prognosis and a lot of comparison between our results and AlJabban results, this gives us strong evidence that hTERT associated with hematological malignancies and it could play an important role in Iraqi patients prognosis that had hematological malignancies. Also, the telomere and telomerase relations appear to be a vital factor for proliferative abilities of tumor cells. It has been known that telomerase activity offers the capability of proliferation to the malignant cell; thus, targeting of tumor cells by hindering telomerase may be an effective therapy.
Also, receiver operating characteristic (ROC) curve was used to calculate a cut off value for the hTERT level at diagnosis. The Area under the curve (AUC) = 0.760 (overall accuracy = 76.0%). This finding indicates that, in AML patients with a value less or equal to 2.01 anm hTERT level, 76.0% of patients will achieve complete remission (sensitivity [true positive cases] was 69.2%, and specificity [true negative cases] was 66.7%) (El Belbesy et al., 2015) .
Conclusion
1) The hTERT level at diagnosis was significantly lower in patients who achieved complete hematological response than patients who did not achieve a complete hematological response. This finding suggests that
